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ELECTROSTATIC ROTARY ATOMIZING LIQUID SPRAY COATING APPARATUS 


This invention relates to electrostatic spray 
coding and more particularly to electrostatic liquid 
spray coating apparatus utilising rotary atomlzation. 

Electrostatic spray coating apparatus incorpo- 
rating rotary atomizers have been available for 
many years- Typically a conductive cup or disc 
maintained at high voltage is rotated at very high 
speed causing liquid coating material fed, to the 
central part ot the cup or disc to migrate outwardly 
over the cup or disc surface under centrifugal 
force, eventually leaving the cup and disc at the 
outer edge thereof where It becomes atomised. 
Because the atomising edge of the cup or disc is 
sharp, the high voltage applied to the conductive 
cup or disc causes lonisation of the air in the 
region of the atomising liquid coating particles in a 
manner well known in the field of electrostatic 
spray costing. 

Over the years the hazards associated with the 
use of the conductive atomising cup and discs 
maintained at high voltage, which take the form of 
personnel shock and Ignition when combustible 
coalings are employed, have become well publicis- 
ed. In brief, the hazards exist by virtue of the fact 
that substantial electrical energy is stored in ca- 
pacitive form by a conductive cup or disc main- 
tained at high voltage which can rapidfy discharge 
if inadvertently grounded or brought near a ground- 
ed object To minimise these hazards various solu- 
tions have been proposed. For example, it has 
been proposed to make the atomised cup or disc 
of insulative material except for a conductive skin 
or layer which is provided on the surface ot the 
atomising member to conduct high voltage to the 
atomising edge for the purpose of creating lon.sa- 
tJon thereat Another proposal involves making the 
atomising cup or disc of resistive material. These 
and other proposals are contained in LtS. Patents: 
eauihier 2,926,106. Gauthier 2,989,241. Schotland 

2 955,565, Juvinall 3.009.441, Sedlacsik 3,010.428, 
Gauthier 3,021.077, Juvinall et al 3,046,498, Point 

3 063,642, Point et al 3,072,341. Gauthier 
3 T ,083 ( 121. Gauthier 3.128,045, Point 3,178.114. 
Felici' et al 3,279.429. Scharfenberger et al 
3,B26.425\ Point 3.075.708, and Robisch et al POT 
International Publication No. WO 85/01455. 

The foregoing proposals have not been entirely 
satisfactory for various reasons, one of which is 
that the resulting transfer efficiency of the spray 
apparatus has not been sufficient to satisfy those 
desiring high coating transfer efficiencies in the 
range of 90% and above. By coating transfer effi- 
ciency is meant the percentage or proportion erf 
coating material emitted from the spray device 
which actually coats the desired articles. 


Electrostatic rotary atomising liquid spray coat- 
ing apparatus in accordance with the invention 
comprises a support body of insulative material, a 
rotary atomiser. In the form of a cup, of insulative 
5 material, having an inner surface over which liquid 
coating can flow outwardly to an atomising edge 
thereof when the atomizer is rotated about its axis 
of rotation, means being provided for charging the 
liquid coating as it flows outwards over the inner 
to surface characterised in that the charging means 
' extends through the atomiser cup between the 
inner and outer surfaces, the charging means hav- 
ing an outer portion and an inner portion which is 
contacted by the liquid coating material and in that 
75 at least one electrical conductor is mounted to the 
support body, each conductor having a free end 
located in close proximity to the outer portion of 
the charging means for transferring electrostatic 
energy to the charging means when the conductor 
20 is energised from a high voltage source. 

The stationary electrode or electrodes facilitate 
transfer of electrostatic energy to the charging 
means when the stationary conductor is energised 
from a high voltage source, enabling contact charg- 
2S ing of liquid coating supplied to the inner surface 
when the coating flows, under centrifugal force, 
outwardly over the inner surface in contact with the 
inner portion of the charging means toward the 
atomising edge. 
qo By minimising the amount of conductive ma- 

terial incorporated in the rotating atomizer, elec- 
trical energy stored in capacftive form by the atom- 
izer is kept within safe limits while providing high 
transfer efficiency. The safety ot the spray appara- 
35 tus may be further enhanced by fabricating the 
charging means extending through the atomizer, 
including its inner portion, its associated outer por- 
tion and the connecting portion there between from 
semiconductive material 
40 Preferably the charging means includes an in- 

ner portion in the form of a circular ring-shaped 
charging electrode mounted on the inner surface of 
the atomiser encircling the axis of rotation, an outer 
portion in the form of a circular electrical current- 
45 conducting element mounted on the outer surface 
of the atomizer encircling the axis of rotation, and 
means for connecting the circular electrode and the 
electrical current carrying element 

Alternatively, the inner portion may be in the 
so form of a circular ring-shaped charging electrode 
mounted on the inner surface oi the atomizer encir- 
cling the axis of rotation and a plurality ot posts 
may extend through the atomizer connecting the 
ring with the outer surface, the outer ends of the 
posts forming the outer portion of the charging 
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means. 

In a stifl further embodiment, the charging 
means may be in the form of a plurality of discrete 
conductive or semiconductive posts, circumferen- 
ttelly spaced about the atomizer's axis of rotation, 
each post extending through the atomizer between 
its inner and outer surfaces. The inner ends of the 
posts form the inner portion of the charging means 
to be contacted by the liquid coating and the outer 
ends of the posts form the outer portion of the 
charging means. While use of a charging electrode 
ring is highly effective in transferring charge to the 
fluid film, use of a plurality of discrete charging 
electrodes, for example sixteen, circumferentially 
spaced about the inside surface of the atomizer, is 
nearly as effective while providing greater safety 
due to its lesser amount of charge holding surface. 
Although a smaller number of electrodes dimin- 
ishes somewhat the effective transfer of charge, 
safety is further Increased by doing so. The same 
principles apply with respect to the configuration of 
the outer portion of the charging means. Accord- 
ingly, selection of embodiments of the invention 
most suitable for particular applications can be 
made by consideration of these criteria. 

For the purpose of still further improving the 
safety of the spray apparatus, the free ends of the 
electrodes which transfer electrical energy to the 
charging means on the atomizer, as well as the 
outer portion of the charging means on the outer 
surface of the cup. are preferably protected from 
damage and inadvertent contact by being located 
substantially within the recess in which the atom- 
izer cup rotates. 

Certain other features of the invention designed 
to promote compactness of the spray coating ap- 
paratus, may be included- The support body of the 
spray apparatus in which the drive means for the 
rotary atomizer is encased may be provided with a 
generally cylindrical exterior shape in which the 
diameter of the intermediate section is substantially 
less than that of the forward and rear body sec* 
tions. defining an annular cavity there between in 
which are located liquid coating and cleansing sol- 
vent valves for controlling the flow of liquid coating 
and solvent to the rotary atomizer. This enables the 
liquid coating and solvent valves to be located not 
only in close proximity to the rotary atomizer, but 
also to be located within the overall envelope of the 
support body which houses the rotary drive assem- 
bly for the atomizer. 

To facilitate mounting of the spray apparatus to 
a post or the like, a mounting bracket is suitably 
provided of desired design from which several 
spaced parallel columns project in a forward direc- 
tion which, at their forward end, mount the support 
body oi the spray apparatus housing the various 
valves and the drive assembly for the rotary at- 


omising element. In a preferred form, one of the 
columns is hollow for housing en electrostatic 
energy-conducting core for transporting high volt- 
age electrostatic energy between a remote high 

5 voltage source and the stationary electrode which 
is located in close proximity to the conducting 
element on the rotating atomizer which is con- 
nected to the charging electrode. The hollow col- 
umn may also encase a gun resistor which is in 

jo series with the stationary conductor. 

An annular air ring provided with a circular 
array of forwardly directed air jet-defining ports is 
suitably removably mounted to the front of the 
support body- The air ring may include an annular 

75 recess in the rear wall thereof, which functions as a 
circular air manifold for distributing air to the cir- 
cular array of passages to establish air jets for 
shaping the atomised liquid coating spray. The air 
ring rear wail may also include an annular recess 

20 which encloses a single circular conductor which is 
supplied with high voltage from the remote electro- 
static source. The stationary conductors, which 
transfer electrostatic energy to the charging means 
of the cup. may be conveniently connected to this 

25 conductor. 

The stationary conductor or conductors may be 
located in sheaths which are removably threaded 
Into bores in the front surface of the air ring. The 
sheaths may also house charging resistors in se* 

30 ries circuit with the stationary conductors. The fore- 
going construction has been found to be relatively 
simple to manufacture, assemble and maintain. 

In an alternative embodiment of the invention, 
the annular air ring may be in the form of a cap 

35 having an outer face which is aerodynamicaily con- 
toured to help avoid eddy currents generated by 
the flow of air along the outside surface of the 
rotary atomizer cup. This improves transfer effi- 
ciency and reduces fouling of the sprayer with 

<o coating material by helping to avoid drawing the 
spray pattern back towards the sprayer. The base 
of the cap suitably includes a groove which en- 
closes a first, preferably circular, conductor which 
is supplied with high voltage from the remote elec- 
ts trostatic source while the outer face of the cap 
preferably includes a recess about its periphery 
which houses a repulsion ring. The repulsion ring is 
electrically connected to the first circular conductor 
so as to be energised with the same electrical 

so polarity as the charge imparted to trie atomised 
droplets of coating material in order to further en- 
hance transfer efficiencies and avoid the build-up 
of coating material on the sprayer. 

instead of using shealhs threaded into an air 

ss ring, the plurality of stationery conductors and their 
associated charging resistors may be located with- 
in the cap. This protects and stabilises the charg- 
ing resistors and associated leads and helps short- 
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en the overall length of the spray apparatus. Fur- 
ther the cap preferably includes a slightly over- 
sized recess in which the atomising cup is dis- 
posed to thereby define a gap between the wall of 
the recess and the outer surface of the atomising 
cap. To prevent the charging electrodes from being 
accidentally contacted, the free ends thereof and 
the conductor on the outside of the atomising cup 
are preferably each located substantially within the 
gap. 

The invention will now be described by way of 
example with reference to the accompanying draw- 
ings in which: 

Figure 1 is a side elevational view, partially 
in cross section, of the rotary atomising liquid 
spray coating device of this Invention, 

Figure 2 is a side elevational view, in cross 
section, of the front section of the rotary atomising 
liquid spray coating device depicted in Figure 1. 

Figure 3 i$ a cross-sectional view along line 

3- 3 of Figure 2. 

Figure 4 is a cross-sectional view along line 

4- 4 of Figure 3 showing the flow passages and 
valving for solvent for cleansing the exterior of the 
atomising cup. 

Figure 5 is a cross sectional view along line 

5- 5 of Figure 3 showing a portion of the path for 
the air for shaping the atomised liquid spray coat- 
ing pattern. 

Figure 6 is a cross-sectional view along line 

6- 6 of Figure 1 . 

Fgure 7 is a cross-sectional view along line 

7- 7 of Figure l showing the general relationship of 
the valves for the liquid coating material and the 
solvent for cleansing the interior and exterior of the 
rotary liquid atomising cup. 

Figure 8 is a cross-sectional view along line 
of Figure 3 showing the flow passages and 
valving for solvent for cleansing the interior of the 
rotary atomising cup. 

Figure 9 is a cross-sectional view along line 
9-9 of figure 1 showing the rear body section of 
the spray device, support columns, and various air 
and solvent hoses. 

Figure 10 is a front view of an alternative 
embodiment of a rotary atomising spray coating 
apparatus according to the invention. 

Figure 11 is a partial cross-sectional view 
taken on Kne 11-11 of Figure 10 

Rgure 12 is a cross-sectional view similar m 
format to Fig. 11 of a portion of a further alternative 
embodiment of the charging means of the rotary 
atomiser of the device of Fig. i . 

Figure 13 is a view similar to Fig. i2 Illustrat- 
ing a further alternative embodiment of the charg- 
ing means of the atomizer of Fig. i . 

With reference to Figures 1 and 2, a rotary 
atomising liquid spray coating device has a support 


body 10 having a front or forward section 12 and a 
rear section 14 between which is positioned, an 
intermediate section 16. The body sections 12. 1 4 
and 16 are generally cylindrical in shape. The 
s diameter of the forward and rear body sections 12 
and 14 are substantially the same. The diameter of 
the intermediate body section 16 is substantially 
less than that of the body sections 12 and i4. 
defining therebetween an annular cavity 18 within 
io which can be located and mounted, as will be 
described in more detail hereafter, various valves 
for controlling the flow of liquid coating material 
and solvent for cleansing the interior and exterior of 
the rotary atomising cup described hereafter. 
15 A rotary atomising cup 20 extends forwardly 
from the front surface 22 of the forward body 
section 12. Removably secured to the front surface 
22 of the forward section 12 of the body 10 in any 
suitable manner, such as by bolts, threaded en- 
20 eagement or the like, is an annular ring 24. The 
ring 24 Includes a circular air passage or manifold 
26 formed in the rear surface thereof from which 
extend forwardly a plurality of circularly arranged 
air ports 28 for establishing a circular array of air 
25 jets for shaping the atomised liquid coating spray 
pattern 29 formed at the forward edge or rim 42 of 
the atomising cup 20. 

As noted, extending forwardly from the forward 
section 1 2 of the body 10 is the rotary atomising 
30 cup 20. Cup 20 is drivingly mounted on a shaft 23 
for rotation about its axis. The cup drive shaft 23 
extends through a bore 12b in forward body sec- 
tion 12 and an air or ball bearing 25 of a conven- 
tional commercially available type located within a 
35 suitably configured bearing cavity or bore 27 in 
intermediate body section 16. Shaft 23 is driven at 
its rear (left as viewed in Rgure 2) by a rotary 
actuator 31, such as an air-driven turbine, also of a 
conventional commercially available type which is 
40 located behind the bearing 25 in a turbine cavity or 
bore 31 a in rear body section 14. A liquid coating 
control valve 33 mounted to the rear surface of the 
flange-defining portion of the forward section 12 of 
the body 10 controls the flow of liquid coating 
45 material to a coating nozzle 30 via a passage 32 
formed in the forward section 12 of the body 10. 
Liquid coating under slight pressure exits nozzle 30 
and enters an annular cavity 34 formed in the rear 
section of the cup 20- Under centrifugal force due 
so to the rotation of cup 20 by drive shaft 23. the 
liquid coating material In the annual cavity 34 
passes radially outwards and forwards through a 
series of coating passages 36 in radial cup wall 
20c to a forward cup cavity 38- Once In the forward 
55 cup cavity 38 the liquid coating moves radially end 
forwardly along a first surface defined by interior 
cup wall 40 toward the forward atomising edge 42 
of the cup 20 whereat it is atomised under centri- 
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fugal force to form the atomised spray pattern 29. 
A flat circular ring-shaped charging electrode 46, 
which is imbedded in the interior wall 40 and is 
connected to a conventional high voltage electro- 
static supply (not shown) In a manner to be de- 
scribed, charges the liquid coating material by con- 
tact as it passes thereover in its movement from 
passages 36 in wall 20c to the forward atomising 
edge 42 of the cup whereat the liquid is centri- 
fugally atomised to form spray pattern 29, 

Disposed rearwardly of the body 10 and 
spaced therefrom is a mounting bracket 50. Brack- 
et 50 consists of a circular plate 52 and a rearwar- 
dly extending collar 54. Trie plate 52 and collar 54 
are provided with a through bore into which can be 
positioned a circular post 56 supported in any 
suitable manner by a spray reciprocating device, 
stationary pedestal, or the like. A locking screw 58 
threaded radially into the wall of collar 54 is pro- 
vided for lacking the bracket 50 on the post 56\ 

Extending between the circular plate 52 and 
the rear surface 60 of the rear section 14 of the 
body 10 are several mounting posts or columns 62, 
64. and 66. Columns 64 and B6 can be fastened in 
any suitable manner to the plate 52 and the rear 
wall 60 of the rear section 14 of the body 10. For 
example, columns 64 and 66 can be threaded at 
their forward ends and screwed into suitably pro- 
vided threaded bores in the rear wall 60 of the rear 
section 14 of the body 10. The columns 64 and 66 
at their rear ends may be provided with reduced 
diameter portions which extend through suitably 
provided bores in the plate 52 such that they 
project rearwardly (leftward ly as viewed in Figure 
1) of rear surface 55 of the plate 52. By providing 
threads on the reduced diameter portion of the rear 
ends of the columns 64 and 66 which project 
rearwardly of the plate surface 55, nuts can be 
used to secure the rearward ends of the columns 
64 and 66 to the plate 52. as is done with the rear 
end of column 62 in a manner to be described- 

The support column 62 at its rear or left end 
has a reduced diameter portion 62c which passes 
through a suitable bore in plate 52, extending rear- 
wardly of surface 55 thereof. A nut 62d threadedly 
engages the column end portion 62c to secure 
column 62 to plate 52. The support column 62 at 
its forward end passes through a suitably provided 
bore 70 In the rear section 14 of body 10 and 
extends torwardly to the rear wall 12a of the for- 
ward body section 12. The forwardmost portion 62a 
of the column 62 is of reduced diameter and 
threaded such that it will threadably engage a 
suitable threaded bore 72 formed fn the rear sur- 
face 12a of the forward body section 12. 

The column 62 is provided with an axial bore 
62b within which is positioned a high voltage In- 
sulated cable 74 connected at Its rearward end to a 


high voltage electrostatic supply (not shown). The 
cable 74 at its forward end 74a connects to a gun 
resistor 76. An electrical conductor 78 extends be- 
tween the forward end of the gun resistor for ener- 

s gising the electrode 46 in a manner to be de- 
scribed in more detail hereafter, 

As shown in Figure 1, a dump valve 80 moun- 
ted to the forward* wall 57 of the plate 52 connects 
to the liquid coating valve 33 via a flexible conduit 

?o 62 and to a waste receptacle 86 via a conduit 88. 
Dump valve 80 diverts cleansing solvent from coat- 
ing valve 33 during colour change operations in a 
manner well known in the art. 

Mounted to the rear surface 12a of the fiange- 

1S defining portion of forward body section 12. "m 
addition to the coating control valve 33, are solvent 
valves 90 and 92 which control the flow of solvent 
in a manner to be described, to the exterior and 
interior of the rotary atomising cup, respectively, as 

?o shown in Figures 3, 4, 7, and 8. Valves 90 and 92 
are located in the annular cavity 18. 

The rotary atomising cup 20, as best seen in 
Figure 2, includes a frusto-conical tubular section 
20a and a hub 20b which are interconnected by 

25 radial wall 20c which collectively define the rear 
annular cavity 34 and the forward cavity 3B. The 
cross section of the tubular section 20 increases 
along the axis thereof in the direction of the at- 
omising edge 42. The hub 20b is provided with a 

30 tapered bore 20f which snugly engages a similarly 
tapered portion 23a of the drive shaft 23. The 
forward end 23b of the drive shaft 23 is threaded 
for threadedly receiving a retaining nut 100 which 
locks the hub 20b of the cup 20 in place on the 

35 drive shaft 23. Imbedded in the outer surface 20d 
Of the frusto-conical section 20a of cup 20. in the 
embodiment illustrated in Rg.2. is a circular 
current-conducting flat ring element 102, preferably 
of semiconductive material. Ring element 102 is 

40 electrically connected to the flat electrode 46, 
which is also preferably fabricated of semiconduc- 
tive material, via a series of conducting means in 
the form of pins 104. preferably made of semicon- 
ductive material, seated in suitably provided bores 

45 in the cup section 20a. The opposite ends of pins 
104 are in electrical contact with the confronting 
surfaces of the ring 102 and electrode 46, The cup 
20 is preferably made of insulatfve material, as is 
the nut 100. shaft 23. bearing 25. annular ring 24, 

50 body 10. rotary actuator 31, valves 33, 80, 90 and 
92, and associated fluid conduits, mounting bracket 
50. and mounting columns 62, 64, and 66 for the 
purpose of minimising the storage of electrical en- 
ergy In capacltrve form in the spray coating device. 

55 A preferred type of insulating material for the cup 
20 is PEEK (polyetheretherketone) available trom 
LCI. of America, and tor the remaining Insulative 
elements is polyester, available from Erta Incor- 


5 

PAGE 1 7/39 » RCVD AT 3/1 5/2006 3:52:00 PM [Eastern Standard Time] « SVR:USPTO£FXRF-5/3 * DNIS:27383Q0 * CSID:3022520000 * DURATION (mm-ss):23-04 


MAR. 1 5. 2006 4:30PM 


3022520000 


EP 0 379 373 A1 


NO. 3729 
to 


P. 18 


porated. Malvern. Pennsylvania. 

Surrounding the bracket 50 and body 10 r as 
well as the various valves, is a tubular housing, as 
best shown in Figure 1. for enclosing the various 
operating components of the spray device. The 
housing is preferably fabricated of insulatrve ma- 
terial. 

The liquid coating valve 33, which may be of 
any conventional type, preferably includes a valve 
body 120 having a stepped diameter bore 122. 
Located in the forward end of the bore 122 is a 
valve seat insert mount 124 having a bore 126 
within which is positioned a valve seat insert 128 
having an axial passage 128a. This passage is 
normally blocked by a bail valve element 130 
formed at the forward end of a reciprocal rod 132 
which is normally forwardly biased by a spring- 
biased air-operated piston 134, 135 secured to the 
rear end 132a of the shaft 132. An air chamber 136 
is connected to a source of pressurised air via a 
passage 138 in the wall of the rear portion of the 
valve body 120. When pressurised air is admitted 
into the chamber 136 via passage 138 under con- 
trol of means not shown, the piston 134 is urged 
rearwardly (leftwardly) to unseat the ball valve ele- 
ment 130 relative to the seat of the seat insert 128. 
so connecting passage 128a with a liquid coating 
chamber 142. Chamber 142 communicates with a 
source or pressurised liquid coating (not shown) via 
a passage 144 formed In the wall of the tfah/e body 
120 which is connected to a coating supply conduit 

Thus, when pressurised air is admitted into 
cavity 136 via passage 138 urging the piston 134 
backwards and unseating the valve ball element 
130, pressurised liquid coating in chamber 142 
passes through passageway i28a into the pas- 
sageway 32 of the forward body section 12. It then 
exits under pressure from the nozzle 30 into the 
rear cavity 34 of the rotary cup 20. In a manner 
described heretofore, the liquid coating material in 
rear cavity 34 flows through passages 36. along 
interior wall 40 of the forward cavity 38 and over 
flat ring electrode 36 whereat the coating material 
is electrostatically charged. Eventually the charged 
electrostatic coating is atomised at the forward 
edge 42 of the cup 20 to form spray pattern 28. 

Air cavity 136 and coating cavity 1 42 are sepa- 
rated by suitable seals 150 which permit axial 
reciprocation of the rod 132. The cavity 142 of the 
valve 33 connects via passage 152 formed in the 
wall of the valve body 120 to the conduit 82, 
ultimately being passed to a waste receptacle 86 
via the dump valve 80 and tng conduit 88. Tlie 
dump valve 80 is substantially identical to the valve 
33. except it has. in addition to a single inlet 
passage, only one outlet passage for the flow of 
liquid coating material. The dump valve 80. like the 


valve 33, is air-opBrated and for this purpose has a 
controlled source of pressurised air (not shown) 
connected to it via an air hose 80a. 

Shaping of the atomised liquid coating spray 
5 pattern 29 emanating from the forward edge 42 of 
the rotary atomising cup 20. as previously noted, is 
provided by a circular air passage 26 formed in the 
annular ring 24 which feeds a plurality of circularly 
arranged axjalry extending ports 28 which establish 
10 forwardly projecting air jets. To provide pressurised 
air to the circular air passage 26 formed in annular 
ring 24, the forward body section 12 is provided 
with a passage 160 Which at its forward end com- 
municates with the circular air passage 26 and at 
75 its rearward end connects to a suitable source of 
pressurised air (not shown) via a hose 162. Control 
means, also not shown, regulate the flow of air in 
the hose 162 in a conventional manner. When 
pressurised air is provided to the hose 162, air is 
20 emitted under pressure from the circularly arranged 
ports 28 in a forwardly direction, shaping the elec- 
trostatically charged atomised liquid coating par- 
ticle spray pattern 29, as desired. 

When it is desired to change the colour of the 
as liquid coating material being sprayed from the de- 
vice of this invention, solvent is introduced into the 
port 144 of the valve 33, in a manner well known in 
the art. and the valve 80 opened. The solvent flows 
through and flushes the valve 33, the passage 32, 
3D and nozzle 30, as well as through passage 152 and 
hose 82 to the dump valve 80. allowing the solvent 
to pass through the dump valve into the waste 
receptacle 86 via hose 88. Cleansing of the exterior 
surface 20a of liquid coating material with solvent 
35 as an incident to colour change is provided by 
means of a solvent nozzle 170 threaded into a 
suitably provided bore 172 in the front surface 22 
of the forward body section 12. The passage 172 
at its rear end connects to the output port 90a of 
40 the solvent valve 90. Connected to the input port 
90b of the solvent valve 90 is a solvent hose 174 
supplied from a suitable source of pressurised sol- 
vent (not shown). The valve 90 Is substantially 
identical to dump valve 80 and, like dump valve 80, 
4s is provided with an air-operated ball valve element 
90c at the forward end of a rod 90d controlled by a 
spring-biased air-actuated piston 90e. A controlied 
source of pressurised air is connected to the valve 
90 via a suitable air hose 176 to actuate the valve, 
so as desired. 

To cleanse the rearward cup cavtty 34. pas- 
sages 36. and forward cup cavity 38 of coating 
materia! as an incident to colour changing, a sol- 
vent nozzle 94 and valve 92 as shown in Figure B 
55 are provided, the valve being substantially identical 
to that shown in Figure 4 for cleansing the exterior 
surface of the atomising cup 20- The only dif- 
ference between the solvent cleansing nozzle 94 
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and valve assembly 92 for cleansing the interior of 
the cup 20 and the nozzfe 170 and valve 90 for 
cleansing the exterior of the cup is that the nozzle 
94 for cleansing the interior of the cup projects 
from the forward surface section 22a of the forward 
body section 12 Into the rear cavity 34 of the cup 
20. The coordination of the various valves to effect 
colour change and the flushing of Ihe valves, noz- 
zles, associated passages, hoses, and the like and 
cleansing the interior and exterior of the atomising 
cup is accomplished in accordance with proce- 
dures well known in the art, and therefore are not 
further discussed herein. 

A source of pressurised solvent 180 feeds a 
hose 182 which is bifurcated to supply the hose 
172 which provides solvent to the valve 90 for 
controlling the flow of solvent for cleaning the ex- 
terior of the cup 20 and to supply a hose 175 
which supplies solvent to the valve 92 which con- 
trols the flow of cleansing solvent to the interior 
cavity 34 of the atomising cup 20. 

A source of pressurised air 165 is connected to 
hoses 186 and 188, which are inputs to the air 
turbine 31 for driving and braking the turbine rotor, 
respectively, and in turn, driving and braking, re- 
spectively, the shaft 23 and ultimately the atomis- 
ing cup 2D. A hose 190 vents exhaust air from the 
turbine 31. By selectively controlling the pressure 
and flow of air in hoses 1B6 and 188, the speed of 
the air turbine 31, and hence of the output shaft 23 
and ultimately the rotary atomising cup 20, can be 
controlled in a manner well known to those skilled 
in the art 

An air hose 192. connected 10 a selectively 
Operable source of pressurised air, controls the 
solvent valve 92 for cleansing the interior of the 
rotary atomising cup 20- Air hose 192 functions 
with respect to solvent valve 92, in a manner analo- 
gous to air hose 176 which is connected to solvent 
valve 90 for controlling its operation and air hose 
138 which connects to the paint valve 33 for con- 
trolling its operation. 

To minimise the accumulation of coating ma- 
terial on the surface of the shaft 23 r air purge 
means are provided to supply a positive air flow 
along the shaft towards the rotary atomising mem- 
ber 20. In a preferred form the air purge means 
includes, as shown in Figure 2, a port 300 provided 
in the back wall 12a of the forward body section 12 
for connection to an air supply line (not shown). 
The air line will supply air through a passage 302 
to a discharge port 304 into the space 30B between 
the bore 12b of the forward body support sectfoo 
12 and the shaft 22- This supplies a positive air 
purge along the shaft 23 towards the cup 20 to 
prevent coating from migrating back along the shaft 
into the bearing 25. 

High voltage electrostatic energy is coupled 


from the electrode 73 at the output of the gun 
resistor 76 to the semiconductive ring 102 (and 
ultimately to the semiconductive electrode 48 via 
the semiconductive pins 104) via a path which 

5 includes an electrically conductive spring contact 
200 located In the forward end of the bore 72 
formed In the forward body section 12, an electrical 
conductor 202 snugly fitting in a bore formed in the 
forward body section, an electrode ring 204 imbed- 

w ded in an annular ring 24, and several parallel 
circuit paths connected between the ring conductor 
204 and the semiconductive ring 102. The series 
Circuit paths between rings 204 and 102 include a 
resistor 2i0 disposed between an electrical con- 

is ductor 212 (which is connected between the resis- 
tor 210 and the ring 204) end a conductor 214 
extending from the forward end of the resistor 210 
towards and in close proximity to the ring 102. An 
insulatlve sheath 218 threaded at its hner or rear 

20 end into a bore in the annular ring 24 encases the 
resistor 210. conductor 212, and conductor 214, 
with conductor 214 projecting from the forward end 
Of the sheath. Insulalive sheaths 218 and 220. 
identical to sheath 2i6. are mounted in drcum- 

25 ferentially spaced relation around the annual ring 
24 120* on either side of the sheath 216. The 
Sheaths 218 and 220 contain resistors 218a (Figure 
3) and 220a which are identical to resistor 210. 
Resistor 218a is connected between an outer eleo 

30 trical conductor 21 Bb, which extends from the for- 
ward end of its associated sheath towards and in 
close proximity to the ring 102, and an electrical 
conductor 218c which is connected to the conduc- 
tive ring 204, for transmitting electrostatic voltage 

as to the resistor 218a, The forwardly projecting ends 
. of the electrical conductors 214. 21 8b, and 220b 
are spaced very slightly from the exterior surface 
of the semiconductive ring 102 such that when high 
voltage is transmitted thereto via the insulated ca- 

40 ble 74, gun resistor 75, conductor 78, spring 200, 
conductor 202. ring conductor 204, and 
conductor/resistor pairs 210/212, 2l8a/2l8c, and 
220a/220c, electrostatic energy is transmitted 
across the gap to the semiconductive ring 102 and 

43 ultimately to the ring electrode 46 via pins 104 for 
contact charging of liquid coating material which 
flows radially outwards and forwards along inner 
wall 40 over the surface of the semiconductive 
electrode 48. 

so It has been discovered that the coating transfer 
efficiency is enhanced by the use of three 
circumferentially^spaced conductors 212, 218c and 
220c in comparison to that achieved when only a 
single conductor is used. Thus, plural conductors 

55 provide improved results and are clearly preferred 
where high transfer efficiency is desired. 

Gun resistor 76 can have a resistance which 
varies depending upon the operating range of the 
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electrostatic power supply which energizes the ca- 
ble 74. Preferably, for electrostatic supplies operat- 
ing in the range of 50Kv-125Kv, the gun resistor 
has a resistance of 76 megohms. The resistors 
210. 21 Ba, and 220a can also have varying resis- 
tances, although preferably each resistor has a 
resistance Of approximately 12 megohms. 

The insulated cable 74 may take a variety of 
forms, although the preferred cable is one in which 
the conductive core 74b is fabricated of silicon 
carbide fibre in accordance with U.S. Patent 
4.576,827, assigned to the assignee of the present 
application. The semiconductive ring "I02. pins 104. 
and electrode 48 are also preferably fabricated of 
polyphenylene sulfide (PPS). available from Phillips 
66, although other semiconductive materials may 
be used. In addition, and although not preferred, 
the ring 102. pins 104, and/or electrode 46 can be 
fabricated of conductive material. However, when 
fabricated of conductive material, the capability of 
the rotating atomizing cup 20 to capacitively store 
electrical energy is increased over that which exists 
when the ring 102, pins 104. and electrode 46 are 
fabricated of semiconductive material. If desired, 
the conductive elements 78, 200, 202, 204. 212, 
214, 218b and 218c, and 220b and 220c can be 
fabricated of semiconductive material rather than 
conductive material. Accordingly, and for the pur- 
pose of minimising the electrical energy stored 
capacitiveiy in the spray device of this invention, all 
elements of the spray device are preferably fab- 
ricated of insulative material, except for those 
which are fabricated of semiconductive and/or elec- 
trically conductive material for the purpose of trans- 
porting electrostatic energy at high voltage from a 
remote source (not shown) to the coating charging 
electrode 46 in the rotary atomising cup 20. 

The rotating atomising cup 20 has been de- 
scribed as being frusta-conical in shape. As those 
Skifled in the art will understand, other shapes can 
be utilised without departing from the spirit and 
scope of this invention. 

The valves 33. 80. 90 and 92 are generally 
constructed in accordance with the teachings of 
U.S. Patent 3.870,233. assigned to the Applicant. 

Other aspects of the present invention will now 
be described with reference to the alternative em- 
bodiments shown in Figs. 10 and 1 1 - Except for the 
differences to be described, the alternative embodi- 
ment is substantially the same as the first embodi- 
ment discussed above, with like parts having been 
assigned like reference numerals. 

The alternative embodiment of the rotary at- 
omising liquid spray coating device is seen to 
include a support body 10 having a front or forward 
section 12. As with the first embodiment, an an- 
nular cavity 1B is located rearwardly of the forward 
section 12. Within cavity 18 are located, as will be 


described in more detail hereafter, various valves 
for controlling the flow of liquid coating material 
and solvent for cleansing the interior and exterior of 
the rotary atomising cup 20- 
s Rotary atomising cup 20 extends forwardly 

from the front surface 22 of the forward body 
section 12. Removably secured to the front surface 
22 of the forward section 12 of the body 10 in any 
suitable manner, such as by bolts, threaded en- 
to gagement. or the like, is a cap 40O having a 
generally convex outer face 402 and a centrally 
disposed, inwardly tapering recess 404 inside 
which at least a portion of the atomising cup 20 
may be located. Gap 400 includes a base 408 
7$ having a generally circular air passage or manifold 
26 formed therein. A gasket 406 having suitably 
sized and positioned apertures is interposed be- 
tween cap 400 and the front surface 22 of the 
forward section 12 of body 10 to provide a suitable 
20 seal for air and solvent passages, to be described 
later, which communicate between forward section 
12 and cap 400. Similar to the annular ring 24 of 
the first embodiment cap 400 includes a plurality 
of circularly arranged air ports 28 for establishing a 
25 circular array of air jets surrounding rotary atomis- 
ing cup 20 for shaping the atomised liquid coating 
spray pattern 29 formed at the forward edge or rim 
42 of the atomising cup 20 and projecting it toward 
a workpiece to be coated in the manner previously 
30 described. 

As noted, extending forwardly from the forward 
section 12 of the body 10 is the rotary atomising 
cup 20. Cup 20 is drivrngly mounted for rotation on 
a shaft 23 of a rotatory actuator (not shown). The 
36 cup drive shaft 23 extends through a bore 12b in 
forward body section 12- As in the first embodi- 
ment, a liquid coating control valve 33 is mounted 
to the rear surface of the forward section 12 and 
controls the flow of liquid coating material to the 
40 coating nozzle 30. Liquid coating under slight pres- 
sure exits nozzle 30, enters cup 20 and passes 
therethrough as previously described with refer- 
ence to the first embodiment. 

Mounted within cavity 18 and on the rear sur- 
46 face of the forward body section 12. in addition to 
the coating control valve 33, is a single solvent 
valve 412, in lieu of the dual interior, and exterior 
solvent valves 90, 92 of the first embodiment. 
Valve 412 controls the flow of solvent, in a manner 
so to be described, to both the interior and exterior of 
the rotary atomising cup 20. 

The diametBr of frusto-conical rotary atomising 
cup 20 increases along the axis of ttie cup in the 
direction of the atomising edge 42. Imbedded in 
ss the outer surface 20d of the frusto-conical cup 20 
Is a circular current-conducting flat ring element 
102, pret erafc, ly of semi-conductive material. Ac- 
cording to one aspect of the invention, ring element 
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bores 460 which intersect groove 432. at which 
point leads 464 are connected to conductor 430 by 
soldering or other suitable means. 

Thus, high voltage electrostatic energy is trans- 
mitted by way of high voltage cable 74 as pre- 
viously described to gun resistor 76. It is then 
carried to conductor 430 by way of spring contact 
452 and disk 436. From conductor 430, electro- 
static energy is carried to charging electrode 102 
of atomising cup 20 by way of the three charging 
resistors 210 connected electrically 'n parallel be- 
tween conductor 430 and the gap between the 
electrodes or free ends 462 of said resistors and 
the ring element 102 on fhe outside of atomising 
cup 20. Electrostatic energy is then transmitted 
across the gap between each electrode 462 and 
the semi-conductive ring element 102. From ring 
element 102, the electrostatic energy is utilised in 
the manner of the first embodiment to impart a 
charge to the coating material. 

Th© resistances of gun resistor 76 and charg- 
ing resistors 210 are selected as previously de- 
scribed. As with the embodiments previously de- 
scribed, and tor the purpose of minimising the 
electrical energy stored capacitively in the spray 
device of this invention, all elements of the spray 
device are preferably fabricated of insulative ma- 
terial, except for those which are feja-icated of 
semi-conductive and/or electrically conductive ma- 
terial for the purpose of transporting electrostatic 
energy at high voltage from a remote source {not 
shown) to the coating charging electrode 102 in the 
rotary atomising cup 20- 

The alternative embodiment of the rotary at- 
omising liquid spray system of the invention in- 
cludes several features which help to project the 
spray pattern 29 forwardly toward the work piece to 
be coated and avoid the accumulation of coating 
material on the sprayer itself, thereby increasing 
transfer efficiency and decreasing fouDng of the 
sprayer. One such feature, namely the provision of 
a plurality of air ports 28 for establishing an array 
of forwardly directed air jets surrounding the at- 
omising cup 20, for shaping and projecting spray 
pattern 29 toward the workpiece to be coated, has 
already been described. Further according to the 
Invention, the sprayer of this embodiment also pref- 
erably includes at least one of the additional fea- 
tures which will now be described. 

Atomiser cup 20 "rs surrounded by electrostatic 
repulsion means which preferably takes the form of 
a substantially continuous conductive, or more 
preferably, semiconductive ring 470. Ring 470 is 
imbedded in a groove 472 cut in the outer face 402 
of cap 400 so as to lie substantially flush therewith 
and not to interfere significantly with its contour for 
reasons which will later become apparent. Ring 470 
is directly connected to conductor 430 by way of a 


conductive pin 474 so that ring 470 is energised 
with a high voltage charge of the same polarity as 
the charge carried by the coating droplets. This 
helps to prompt the migration of spray pattern 
s away from the spray apparatus and toward the 
workpiece to be coated. 

The cap 400 is provided with a curved, aero- 
dynamicalfy contoured outer face 402 as shown. 
The forward portion of cap 400 defines a circular 
io dome having a contoured outer face 403 and a 
central recess 404 in which frustoconical atomising 
cup 20 is recessed. For the purpose of avoiding 
reverse air flow eddys, the degree to which cup 20 
is recessed within cap 400 is not believed to be 
75 critical, in fact, recess 404 may be eliminated so 
that outer face 402 lies substantially entirely behind 
cup 20. However, so that conductive ring 102 and 
electrodes 462 may be protected as previously 
described, cup 20 Is preferably recessed within 
20 cap 400 for approximately one-half to two-thirds of 
its overall length- Recess 404 tapers inwardly at a 
slightly greater rate than the wall of cup 20 so that 
the gap between cup 20 and recess 404 is slightly 
narrower at its base than at its mouth. The transf- 
26 Don edge between tapered recess 404 and curved 
outer face 402 is not sharp but rather is provided 
with a generous radius as shown in the drawings. 
This aspect of the invention will become further 
apparent in light of its theory of operation which is 
30 believed to be as follows. 

As atomiser cup 20 rotates at an angular speed 
sufficient to atomise coating material, usually in the 
range of 10.000 to 40,000 RP.M.. its atomising 
edge 42, which is a larger diameter than rts base 
3S 480, rotates at a greater surface speed than its 
base- Since the air surrounding cup 20 will tend to 
move with the surface of the cup 20 due to drag, 
there will be a pressure gradient along the outside 
wall 20d of cup 20 tending to cause a flow of air 
40 along the outside wall 20d in a direction generally 
parallel to wall 20d and oriented from base 480 
toward edge 42. Since the aforementioned air flow 
would tend to partially evacuate the region near the 
base of the cup, it is believed that a make-up air 
45 flow takes place along outer face 20d inwardly 
toward the base 490 of cup 20 along the wall of 
recess 404. The shape of cap 400, particularly the 
shape of its outer face 402 is selected such that 
under conditions of nomr»al operation, the flow of 
so make-up air across its surface will be In a substan- 
tially laminar flow regime. This is believed to help 
avoid the generation of eddy currents in the vicinity 
of cup 20 which would otherwise tend to draw 
coating material back towards the spray apparatus 
55 rather than permit it to be directed toward the 
workpiece as desired- 
Further alternative embodiments of the Inven- 
tion are shown in Figs. 12 and 13. Except for the 
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differences described, these embodiments are sub- 
stantially the same as those discussed above, with 
like parts assigned lilce reference numerals. The 
charging means heretofore described with rings 46 
and 102. respectively, forming the inner and outer 
portions thereof with pins 104 forming the connec- 
tion therebetween is formed differently in RgSw 12 
and 13. 

Referring to Fig. 12, the outer portion of charg- 
ing means 501 of cup 20. rather than being in the 
form of the circular flat ring element 102 (Fig. 1). is 
formed by the outer ends 502, proximate the outer 
surface 20d of the cup 20, of a plurality of discrete 
posts 504 circumferentially spaced about the axis 
of the atomiser cup 20. preferably at equiangular 
increments. The pins 504, and their ends 502, are 
preferably eight or more in number, and preferably, 
Sixteen. As Such, the ends 502 of the posts 504 
function in the same way as the circular ring ele- 
ment 102 of Figs. 1-11. The inner portion of the 
Charging means 501 is in the form of a ring 546 
configured and positioned in the same manner as 
the ring 46 of Figs. 1-11. 

Referring to Fig. 13. the charging means 601 
rather than in the form of a circular ring 46 as in 
the embodiments above, is in the form of a plural- 
ity of discrete circumferentially spaced charging 
electrodes 604 extending between the inner and 
outer surfaces of the atomiser 20. and preferably 
spaced at equal angular increments about the at- 
omiser's axis of rotation. The inner portion of the 
charging means 601 is formed of the inner ends 
646 of the electrodes 604 which are proximate to 
the inner surface of the atomiser 20- The outer 
portion of the charging means is formed of the 
outer ends 602 of the electrodes 604 which are 
proximate the outer surface of the atomiser 20. 
Suitably, at least eight electrodes 604 are provided, 
and preferably about sixteen. The electrodes Inner 
ends 646 function in the same manner and nearly 
as effectively in charging the liquid as the charging 
electrode ring 46 in the other embodiments, but 
hold less residual charge with improved safety. 


Claims 


(20d) surfaces, the charging means having an outer 
portion (102. 502. 602) and an inner portion (46, 
546, 646) which is contacted by the liquid coating 
material and in that at least one electrical conduc- 

5 tor (212) is mounted on the support body (10), 
each conductor having a free end (214, 462) lo- 
cated in close proximity to the outer portion (102, 
502. 602) of the charging means for transferring 
electrostatic energy to the charging means when 

io the conductor is energised from a high voltage 
source. 

2. Spray apparatus as claimed in Claim 1 
characterised in that the inner portion of said 
charging means comprises a circular ring-shaped 

75 charging electrode (46. 546) mounted on the inner 
surface (40). 

3. Spray apparatus as claimed in Claim 2 
characterised in that the charging means further 
comprises a plurality of posts (504) extending 

20 through the atomiser cup and electrically connect- 
ed to the ring (546) on the inner surface, each of 
said posts (504) having ends (502) proximate to the 
outer surface (20a) forming the outer portion of 
said charging means. 

2s 4. Spray apparatus as claimed in Claim 1 
characterised in that the charging means com- 
prises a plurality of discrete charging electrodes 
(604) extending through the atomiser cup from the 
inner (40) to the outer (20a) surfaces, the elec- 

30 trades being circumferentially spaced about the 
atomiser cup's axis of rotation, the inner portion of 
the charging means comprising the inner ends 
(646) of the electrodes (604) and the outer portion 
of the charging means comprising the outer ends 

35 (602) of the electrodes. 

5. Spray apparatus as claimed in Claim 4 
characterised in that at least eight electrodes are 
provided. 

6. Spray apparatus as claimed tn any preced- 
40 ing claim characterised in that the charging means 

is formed at least in part of semiconductive ma- 
terial. 


45 


1. Electrostatic rotary atomising liquid spray 
coating apparatus comprising a support body of 
insulative material, a rotary atomiser in the form of so 
a cup of insulative material, having an inner surface 
over which liquid coating can flow outwardly to an 
atomising edge thereof when the cup Is rotated 
about its axis of rotation, means being provided tor 
charging the liquid coating as it flows outwards 55 
over thB inner surface characterised in that the 
charging means (104,504,604) extends through the 
atomiser cup between the inner (40) and outer 
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